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(54) Alkaline storage battery 

(57) In a nickel positive electrode comprising an 
active material mixture mainly composed of a nickel 
oxide (2) and an electrically conductive support (4), a 
metal and/or an oxide (1) thereof comprising elements 
effective for increasing) oxygen overvoltage, preferably 
at least one element selected from Ca, Ti, Nb. Cr, Y and 
Yb is contained in a conducting agent such as metallic 
Co and/or Co oxide added to supplement the electrical 
conductivity of the active material. According to this 
construction, the decrease of charging efficiency 
caused by increase of battery temperature and 
decrease of the oxygen overvoltage with charging of the 
battery can be inhibited and the charging efficiency can 
be improved in a wide temperature atmosphere. Thus, a 
nickel-metal hydride storage battery of high capacity 
can be provided. 



FIG. 1 




CO 

CO 
CM 



Q. 

Ill 



Primed by Xerox (UK) Business Services 

•) 10 7/1 C 



EP 0 923 146 A1 



Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001 ] The present invention relates to an alkaline storage battery using a nickel oxide as a positive electrode, and is 
suitably applicable to Ni/MH storage batteries using a hydrogen-absorbing alloy capable of electrochemically absorbing 
and releasing hydrogen as a negative electrode. 

2. DESCRIPTION OF RELATED ART 

[0002] Recently, with the spread of portable equipment demand for small secondary batteries increases. Among 
them, nickel-cadmium storage batteries using a nickel oxide as a positive electrode and an aqueous alkaline solution 
as an electrolyte and alkaline storage batteries such as nickel-metal hydride storage batteries have been in great 
demand because of their merits in cost, energy density and durability. 

[0003] Of these batteries, the alkaline storage batteries have been able to be further increased in capacity than nickel- 
cadmium storage batteries by using hydrogen-absorbing alloys capable of electrochemically absorbing and releasing 
hydrogen as negative electrodes. In any way, positive electrodes of alkaline storage batteries industrialized at present 
use active materials mainly composed of a nickel oxide. The present invention relates to this nickel positive electrode, 
and the following explanation is based on nickel-metal hydride storage batteries as a specific example. 
[0004] One of the problems which must be solved for improving performances of nickel-metal hydride storage batter- 
ies is reduction of charging efficiency at high temperatures caused by generation of heat at the time of charging. That 
is, in nickel-metal hydride storage batteries, sealing of batteries is attempted by using a reaction which returns to water 
the oxygen gas generated by a decomposition reaction of water taking place competitively with oxidation (charging) of 
nickel hydroxide at the time of charging by reducing the oxygen gas with hydrogen contained in the hydrogen-absorbing 
alloy of negative electrode. For this reason, owing to the rising of temperature in the battery caused by the heat gener- 
ated by the reaction, oxygen overvoltage of the nickel positive electrode decreases and energy used for oxidation reac- 
tion (charging reaction) of nickel hydroxide decreases to cause sharp reduction of charging efficiency. This 
phenomenon occurs similarly at the time of charging at high temperatures and also causes deterioration of charging 
efficiency, resulting in decrease of battery capacity. 

[0005] Furthermore, the large-sized alkaline storage batteries for electric vehicles which have been developed and 
partially put to practical use from the viewpoint of environmental protection cannot ensure a battery surface area (radi- 
cating surface) which is proportioned to the capacity, and due to the inferior radiating performance, the rise of tempera- 
ture in the batteries as mentioned above is conspicuous as compared with small-sized batteries. Thus, the above 
problem becomes further serious. 

[0006] In order to solve the problems in charging at high temperatures, many proposals to improve charging efficiency 
at high temperatures have been made. 

[0007] For example, one of the proposals is to add at least one of the materials having the effect to increase oxygen 
overvoltage, such as yttrium, indium, antimony, barium, calcium and beryllium to the surface of active material powders 
or between the powders (JP-A-5-28992) and ainother is to similarly add powders of compound of at least one element 
selected from the group consisting of Ca, Sr, Ba, Cu, Ag and Y which have an average particle size of less than 1/2 time 
the average particle size of nickel oxide which is an active material (JP-A-8-329937). 

[0008] Moreover, it has been proposed to add elements having the effect to increase oxygen overvoltage at the time 
of charging, such as Ca and Cr in the state of solid solution, to nickel hydroxide which is a positive electrode active 
material. 

BRIEF SUMMARY OF THE INVENTION 

[0009] However, according to the methods disclosed in the above JP-A-5-28992, JP-A-8-329937 and others, the addi- 
tives having the effect to increase the oxygen over-voltage are apt to agglomerate in the positive electrode and the effect 
of addition is not necessarily sufficient for the amount of the additives. Furthermore, when the elements having the 
effect to increase the oxygen overvoltage at charging are incorporated in the active material as a solid solution, the 
effective capacity of the positive electrode active material decreases according to the amount of the elements incorpo- 
rated as a solid solution. 

[001 0] The present invention solves the above problems, and the object of the present invention is to provide an alka- 
line storage battery of high capacity by allowing the components having the effect of increasing oxygen over- voltage at 
charging to efficiently function to improve not only the charging efficiency ait high temperatures, but also the charging 
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efficiency at room temperature, thereby further enhancing discharge capacity of the battery. 

[001 1 ] For attaining the above object, according to the present invention, in an alkaline storage battery comprising a 
positive electrode mainly composed of a nickel oxide, a negative electrode, an alkaline electrolyte and a separator, a 
continuous electrically conductive network is formed of metallic Co and/or a Co oxide and a material having the effect 
5 to increase oxygen overvoltage on the surface of the nickel oxide of the positive electrode. Thus, dispersibility of the 
additive is improved to cause no agglomeration as seen in the conventional method, and the oxygen overvoltage is effi- 
ciently increased. Furthermore, there is provided an alkaline storage battery of high capacity which is improved in 
charging efficiency at high temperatures and increased in discharge capacity. 

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0012] FIG. 1 schematically shows disposition of the additive in the electrically conductive material in the powders of 
positive electrode active material. 

[001 3] FIG. 2 schematically shows disposition of the additive in the electrically conductive material when the additive 
is is allowed to exist in spherical nickel hydroxide. 

[00141 FIG- 3 schematically shows disposition of the additive in the electrically conductive material when a conven- 
tional external addition method is employed. 

[001 5] FIG. 4 is a graph which shows relation between the charging efficiency at high temperatures and the utilization 
ratio of a battery in which Na is added to the electrolyte. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

[00161 The present invention provides an alkaline storage battery comprising a positive electrode mainly composed 
of a nickel oxide, a negative electrode, an alkaline electrolyte and a separator, wherein the surface of the nickel oxide 

25 powders is coated with an electrically conductive material, the nickel oxide powders are connected with each other by 
an electrically conductive network, and a material increasing an oxygen overvoltage is contained inside the electrically 
conductive material and/or in the vicinity of the surface of the electrically conductive material. 
[0017] The surface of the Ni oxide powders is coated with an electrically conductive material so that an electrically 
conductive network can be obtained. The electrically conductive materials are preferably those which are mainly com- 

30 posed of metallic Co or Co oxides and are soluble in the alkaline electrolyte. Particle size is not limited, but the smaller 
size is preferred, and the average particle size is preferably 30 urn or less. The coating can be carried out by mechanical 
kneading method or reaction crystallizing method. 

[0018] A material which increases the oxygen overvoltage is contained inside the electrically conductive material 
and/or in the vicinity of the surface of the electrically conductive material. As the material, mention may be made of a 
35 metal or oxide comprising at least one element selected from Ca, Ti, Nb, Cr. Y, Yb, In, Sb, Ba, Be. Ca. Sr and Ag, pre- 
ferred is a metal or oxide comprising at least one element selected from Ca. Ti, Nb. Cr. Y and Yb. These materials are 
preferably contained in the state of solid solution or in the alloyed state. Content thereof is preferably 0.1-3% by weight, 
more preferably 0.3-1 .5% by weight in terms of metal based on Ni in the nickel oxide which is a positive electrode active 
material. 

40 [0019] The present invention is effective for general alkaline storage batteries using a nickel positive electrode, and 
especially effective for nickel-metal hydride storage batteries in which the negative electrode is a hydrogen-absorbing 
alloy. The technique of the present invention permits the additive to more effectively act as compared with conventional 
techniques, and has the effect of improving the characteristics of positive electrode and consequently improving battery, 
performances. 

45 [0020] The electrolyte is preferably mainly composed of aqueous potassium hydroxide solution and additionally con- 
tains sodium hydroxide in an amount of 5-50% by weight based on potassium hydroxide. By using such electrolyte, 
there are obtained actions of increasing oxygen overvoltage at charging and further promoting the effect to improve the 
charging efficiency. 

so EXAMPLES 

[0021] Examples of the present invention will be explained. The examples never limit the invention. 
Example 1 

55 

[0022] First, an explanation will be given of the results when performances of the battery of the present invention are 
compared with those of conventional batteries. 

[0023] As additives, 2 g of ZnO and cobalt hydroxide containing 10% by weight of Co in terms of metal based on Ni 
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in nickel hydroxide were used for 100 g of spherical nickel hydroxide (containing as solid solution 1.5% by weight of Co 
and 3% by weight of Zn in terms of metals based on Ni in nickel hydroxide) having an average particle size of 30 as 
an active material. In said cobalt hydroxide, Ca was dissolved as solid solution in an amount of 1 .5% by weight in terms 
of metal based on Ni in the nickel hydroxide. 

[0024] Water was added to the above mixture, followed by kneading to obtain a paste. A foamed nickel porous body 
was filled with the paste and formed into a given size (39 mm x 75 mm x 0.7 mm) by drying, pressing and cutting to 
prepare a positive electrode having a theoretical capacity of 1200 mAh when a one-electron reaction of Ni was taken 
as a standard. 

[0025] An MmNi 5 hydrogen-absorbing alloy was used as the hydrogen-absorbing alloy of the negative electrode. Mm 
(Mm was a mixture of rare earth elements containing La, Ce, Nd, Sm, etc.) and Ni, Mn, Al and Co which were weighed 
at a given amount were mixed and molten by heating to obtain an alloy having the formula MmNi 3 9 Mn 0 .3 Al 0 3 Co a5 . The 
resulting alloy was ground to an average particle size of 30 urn, and then the alloy powder was kneaded with an aque- 
ous solution of polyvinyl alcohol (PVA) as a binder to prepare a paste. A foamed nickel porous body was filled with the 
paste and then pressed and cut to a given size (39 mm x 100 mm x 0.45 mm) to prepare a hydrogen-absorbing alloy 
negative electrode. 

[0026] The resulting negative electrode was combined with the above positive electrode and 2 ml of an electrolyte 
comprising an aqueous potassium hydroxide solution having a specific gravity of 1 .30 to which 40 g/i of lithium hydrox- 
ide was added was filled, followed by sealing to make a sealed nickel-metal hydride storage battery of AA size having 
a theoretical capacity of 1200 mAh on the basis of positive electrode capacity. This was called battery A of the present 
invention. 

[0027] For the comparison on performances with the battery of the present invention, a battery was made which had 
the same construction as of the battery A of the present invention, except that spherical Ca-substrtuted nickel hydroxide 
in which, in addition to Co and Zn, Ca was dissolved in the state of solid solution in an amount of 1.5% by weight in 
terms of metal based on Ni in the nickel hydroxide powder was used as the active material and Ca was not present in 
cobalt hydroxide. The resulting battery was called battery B of comparative example. 

[0028] Furthermore, a battery was made which had the same construction as the battery A of the present invention, 
except that Ca was added as calcium hydroxide to cobalt hydroxide not as a solid solution in an amount of 1 .5% by 
weight in terms of metal based on Ni in the nickel hydroxide powder. The resulting battery was called battery C of com- 
parative example. 

[0029] Moreover, a battery was made which had the same construction as the battery A of the present invention, 
except that no Ca was added. The resulting battery was called battery D of comparative example. 
[0030] The above batteries A, B, C and D were left to stand at 45°C for 24 hours after filling with the electrolyte and 
sealing of the batteries to accelerate dissolution of Co species for the formation of an electrically conductive network. 
Thereafter, charging was carried out at 120 mA for 15 hours at a constant temperature of 20°C ( and then discharging 
was carried out at 240 mA and at the same temperature as above with a cut-off voltage of 0.8 V, and this charging and 
discharging operation was repeated five times. 

[0031 ] Then, these batteries were subjected to charge and discharge test. 

[0032] First, charging was carried out at 120 mA for 15 hours at a constant temperature of 20°C, and after suspension 
for 1 hour, discharging was carried out at 240 mA until the battery voltage reached 0.8 V, and discharged ampere-hour 
at that time was measured and this was referred to as discharge capacity (J). 

[0033] Furthermore, charging was carried out at 120 mA for 15 hours at a constant temperature of 45°C, and after 
suspension for 1 hour, discharging was carried out at 240 m A and at 20°C until the battery voltage reached 0.8 V, and 
discharged ampere-hour at that time was measured and this was referred to as discharge capacity ©. 
[0034] Further, charging was carried out at 120 mA for 15 hours at a constant temperature of 20°C, and after suspen- 
sion for 1 hour, discharging was carried out at 1200 mA until the battery voltage reached 0.8 V, and discharged ampere- 
hour at that time was measured and this was referred to as discharge capacity ® . 

[0035] Table 1 shows the results of the charge and discharge test as utilization ratios. The utilization ratio is defined 
as an indication for quantity of discharging in respect to theoretical capacity which is calculated on the basis of one- 
electron reaction of Ni and the utilization ratio is calculated by the formula: 
utilization ratio (%) = discharge capacity/theoretical capacity x 100 . Utilization ratio (D corresponding to the discharge 
capacity CD, utilization ratio © corresponding to the discharge capacity © and utilization ratio ® corresponding to the 
discharge capacity © are employed. 
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Table 1 



Results of charge and discharge test 




Utilization ratio 
<3> 


Utilization ratio 
© 


Utilization ratio © 


45°C Charging effi- 
ciency 


High rate discharg- 
ing efficiency 


Battery A 


105% 


88% 


96% 


83.8% 


91.4% 


Battery B 


100% 


75% 


92% 


75.0% 


92.0% 


Battery C 


98% 


73% 


89% 


74.5% 


90.8% 


Battery D 


98% 


63% 


90% 


64.3% 


91.8% 



is [0036] The smaller difference between utilization ratio ® and utilization ratio © means that the battery is superior in 
charging efficiency at high temperatures. If 45°C charging efficiency (defined by 45°C charging efficiency (%) = utiliza- 
tion ratio ©/utilization ratio <D x 100) is obtained, that of the battery A of the present invention is 83.8% while that of 
the battery B of comparative example is 75.0%, that of the battery C of the comparative example is 74.5%, and that of 
the battery D of the comparative example is 64.3%, and thus it is recognized that the battery A of the present invention 

20 is markedly excellent in the charging efficiency at high temperatures. 

[0037] Furthermore, it can be confirmed from the charge and discharge curve for the discharge capacity CD that the 
battery A of the present invention is higher in battery voltage in the overcharging region than the batteries B and C of 
the comparative examples. . . 

[0038] This is due to the increase of the oxygen over-voltage, and it is considered that this is because Ca which is 

25 one of the components effective for the increase of the oxygen overvoltage is uniformly dispersed in the electrically con- 
ductive network on the surface of the active material and hence the oxygen overvoltage efficiently increases. It can be 
said that the charging efficiency is improved even at room temperature. 

[0039] In order to conf irm the above points, positive electrodes were taken out from the batteries A, B and C after 
subjected to the charge and discharge tests and the sections of the positive electrodes were subjected to surface anal- 

30 ysis (elemental mapping) by EPMA. 

[0040] In the positive electrode taken out from the battery A, Ca element was uniformly dispersed in the aggregation 
of Co element constituting the electrically conductive network formed around the active material and this was clearly 
different from the state of Ca being uniformly present in Ni element in the active material and being not present in the 
electrically conductive network of Co oxide as in the positive electrode of the battery B and the state pf Ca element 

35 being agglomerated as in the positive electrode of the battery C. The following diagrams can be drawn based on the 
above information. FIG. 1 shows the states of the active material and the additive in the positive electrode of the battery 
A of the present invention, according to which the additive 1 (Ca dissolved in the form of solid solution) is uniformly dis- 
persed in electrically conductive network 4 surrounding nickel hydroxide 2 which is an active material. In FIG. 1 , 3 indi- 
cates a void. FIGS. 2 and 3 show the states of the active material and the additive in the positive electrodes of the 

40 batteries B and C of the comparative examples, respectively. In FIG. 2, the additive 5 (Ca dissolved in the form of solid 
solution) is uniformly dispersed in active material 2, but is not present in the electrically conductive network 4. In FIG. 
2, 3 indicates a void. In FIG. 3, the additive 6 (mixed Ca) is agglomerated in the void 3 of the positive electrode other 
than the electrically conductive network 4 surrounding the active material 2. 

[0041] Furthermore, when from the ratio of the utilization ratio ® and utilization ratio @, high rate discharging effi- 
45 ciency (%) (defined by high rate discharging efficiency (%) = utilization ratio ©/utilization ratio ® * 100) is obtained, 
that of the battery A of the present invention is 91 .4% while that of the battery B is 92.0%. that of the battery C is 90.8%. 
and that of the battery O is 91 .8%. The results mean that Ca in the electrically conductive network used in the battery 
A of the present invention does not hinder the charge transfer at the time of discharging. 

so Example 2 

[0042] Metallic Co powder and metallic Ti powder were mixed at a weight ratio of 1 0:1 .5, and the mixture was alloyed 
by melting with heating and subsequent super^uenching. This Co-Ti alloy was ground to an average particle size of 10 
urn. The Co-Ti alloy was weighed so that amount of the metallic Co was 10% by weight based on Ni in nickel hydroxide 
55 which was active material. The following batteries were fabricated: The same battery as the battery A of the present 
invention in Example 1. except that said Co-Ti alloy was used in place of cobalt hydroxide in which calcium was dis- 
solved in the form of solid solution, the same battery as the battery B of the comparative example in Example 1 , except 
that in place of Ca, 1.5% by weight of Ti was dissolved in the form of solid solution in nickel hydroxide, and the same 
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battery as the battery C of the comparative example in Example 1 . except that Ti0 2 containing Ti in an amount of 1 .5% 
by weight in terms of metal based on Ni in nickel hydroxide was used in place of calcium hydroxide. These batteries 
were subjected to the same charge and discharge test as in Example 1 to find that as in Example 1. the battery of the 
present invention was improved by 5% or more in charging efficiency at high temperatures and room temperature as 
compared with the batteries of the comparative examples, and thus the effect of improvement in charging efficiency was 
recognized. 

Example 3 

[0043] Metallic Co and Y 2 0 3 were mixed so as to give a ratio of Co:Y of 10:1 .5, and an amorphous mixture was pre- 
pared by mechanical alloying. The mixture was weighed so that amount of the metallic Co was 10% by weight based 
on Ni in nickel hydroxide which was active material, and the following batteries were fabricated: The same battery as 
the battery A of the present invention in Example 1, except that the mixture was used in place of cobalt hydroxide in 
which calcium hydroxide was dissolved in the form of solid solution; the same battery as the battery B of the compara- 
tive example in Example 1 , except that spherical nickel hydroxide in which in place of Ca, Y was dissolved in the form 
of solid solution in an amount of 1 .5% by weight based on Ni in the nickel hydroxide; and the same battery as the battery 
C of the comparative example in Example 1 , except that Y 2 0 3 containing Y in an amount of 1 .5% by weight in terms of 
metal based on Ni in nickel hydroxide was used in place of calcium hydroxide. These batteries were subjected to the 
same charge and discharge test as in Example 1 to find that as in Example 1, the battery of the present invention was 
improved by 5% or more in charging efficiency at high temperatures and room temperature as compared with the bat- 
teries of the comparative example, and thus the effect of improvement in charging efficiency was recognized. 

Example 4 

[0044] Batteries having the same construction as of the battery A of the present invention, except for using electro- 
lytes containing 3, 5, 20, 40, 50 and 60% by weight of sodium hydroxide were fabricated and these were called battery 
1 . battery 2, battery 3, battery 4, battery 5 and battery 6. These batteries were subjected to the same charge and dis- 
charge test as in Example 1 . The results are shown in FIG. 4. 

[0045] It can be seen from FIG. 4 that with increase of Na concentration in the electrolyte, the 45°C charging efficiency 
is improved, but the high rate discharging efficiency is deteriorated. 

[0046] It can be seen that in order to improve the 45°C charging efficiency by 5% or more, at least 5% by weight of 
sodium hydroxide based on potassium hydroxide is necessary, and the high rate discharging efficiency decreases 
about 1 0% unless the amount of sodium hydroxide is 50% by weight or less and the discharge performances cannot be 
maintained. 

[0047] The similar tendency was obtained when other element species (Ti, Nb, Cr, Y, Yb) were used. Furthermore, 
the same batteries as the battery D of the comparative example, except the electrolyte was changed, showed the sim- 
ilar tendency, but were lower in the effect. 

[0048] It can be seen from the above that batteries which use an electrically conductive network containing at least 
one element selected from Ca. Ti, Nb. Cr, Y and Yb are further improved in charging efficiency when Na is present in 
the electrolyte. 

[0049] ft is confirmed from the above examples that the effect of the present invention can be obtained when at least 
one element selected from Ca, Ti f Nb. Cr, Y and Yb is present in the electrically conductive network comprising metallic 
Co and/or Co oxide, and good results can also be obtained when two or more of these elements are used. Furthermore, 
when the batteries of the present invention were subjected to life test, they were not inferior to the conventional batteries 
and the increase of pressure in the batteries at charging was also not great as compared with the conventional batter- 
ies. It is confirmed from these results that the batteries of the present invention are not deteriorated in other battery 
characteristics. 

[0050] Amount of Ca, Ti. Nb, Cr, Y and Yb added is preferably in the range of 0.1-3% in terms of metal based on Ni 
in nickel hydroxide for obtaining the effect of improving the charging efficiency and inhibiting agglomeration of the added 
component to form a satisfactory electrically conductive network of metallic Co and/or Co oxide. More preferred range 
of the amount is 0.3-1 .5%. 

[0051 ] In the above examples, metallic Co or cobalt hydroxide was used as the materials forming the electrically con- 
ductive network in the positive electrode, but the materials may be those which have Co as a main constitutive element 
and can be dissolved in an alkaline solution even in a slight amount, and the similar effect can be obtained using an 
oxide such as CoO. However, particle size of the materials is preferably as small as possible and is preferably 30 urn or 
less in average partide size. 

[0052] Furthermore, in the above Examples, sealed nickel-metal hydride storage batteries were used, but it was rec- 
ognized that the similar excellent effect could also be obtained using open nickef-metal hydride storage batteries. 
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[0053] Moreover, it was also confirmed in the present invention that when an electrolyte containing Na was used, not 
only the charging efficiency at high temperatures was improved, but also capacity recoverability after stored at high tem- 
peratures was improved. 

10054] As explained above, the present invention provides advantageous effects that oxygen overvoltage at charging 
5 is efficiently increased, charging efficiency is improved, and charging of sufficient quantity of electricity can be per- 
formed even at high temperatures. 

Claims 

10 1 An alkaline storage battery comprising a positive electrode having an active material mainly composed of nickel 
oxide powders, a negative electrode, a separator and an alkaline electrolyte, wherein the surface of the nickel oxide 
powders is coated with an electrically conductive material, the nickel oxide powders are connected with each other 
through an electrically conductive network, and a material which increases an oxygen overvoltage is contained 
inside the electrically conductive material and/or in the vicinity of the surface of the electrically conductive material. 

2. An alkaline storage battery according to claim 1 , wherein the electrically conductive material is mainly composed 
of metallic Co and/or Co oxide. 

3. An alkaline storage battery according to claim 1 or 2, wherein the material which increases the oxygen overvoltage 
20 is a -metal and/or an oxide thereof comprising at least one element selected from Ca ; TV Nb Cr : Y and Yb. 

4 An alkaline storage battery according to claim 1 , 2 or 3, wherein the material which increases the oxygen overvolt- 
age is contained in the electrically conductive material in the form of being dissolved therein in the state of solid 
solution or being alloyed therewith, the amount of the material which increases the oxygen over-voltage being in 
25 the range of 0.1-3% by weight in terms of metal based on Ni in the nickel oxide of the active material. 

5. An alkaline storage battery according to claim 1 , 2, 3 or 4, wherein the alkaline electrolyte is mainly composed of 
aqueous potassium hydroxide solution and contains sodium hydroxide in an amount of 5-50% by weight based on 
the potassium hydroxide. 
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FIG. 2 




8 



EP 0 923 146 A1 



FIG. 3 
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FIG. 4 
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